The absolute configuration of the naphthylisoquinolines isoancistrocladine and isohamatine at the biaryl axis was determined by comparing the measured and the calculated CD spectra.
Introduction
Among the alkaloids, the naphthylisoquinolines constitute a rapidly growing class of structurally, biosynthetically active products [1 -6] , of which important representitives are ancistrocladine (la) and hamatine (lb).
is an important requirement. Regarding ancistrocladine (la), one of the most widespread naphthylisoquinoline alkaloids [11, we have established a theoretical procedure for the calculation of CD spectra as an efficient analytic tool for the elucidation of the absolute stereostructure at the biaryl axis [7] , and we have subsequently applied it to a broad variety of further related but also structurally most different chiral compounds [8, 9] . Another diastereomer of ancistrocladine (la) is the Cl-epimeric and thus cisconfigured related alkaloid, isoancistrocladine (2a), an oxidation-sensitive, and thus relatively unstable compound, recently isolated from the tropical liana, A. heynenaus [10] .
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Fig. 1. Stereostructures of ancistrocladine (la) and hamatine (lb).
Besides the two stereogenic centers located in the isoquinoline part, there is a biaryl axis as a further structural element such that la and lb actually form two atropo-diastereoisomers. In order to effectively optimize and finally use the properties of these alkaloids, the elucidation of their absolute stereostructure Reprint requests to Prof. Jörg Fleischhauer; Fax: +49 241 8888385; E-mail: gk016fl@cluster.rz.rwth-aachen.de. has as yet been proven only by comparing its CD spectrum with that of the related, but lS-configured and thus diastereometric compound (la), and by synthesis [10] .
In this paper we describe the attribution of the absolute stereostructure of isoancistrocladine and the as yet unkown 1-epimer of hamatine ('isohamatine') (2b), by quantummechanical calculation of their CD spectra, and comparison with the experimental ones.
Materials and Methods
Samples of isoancistrocladine (2a) and isohamatine (2b) were available from previous isolation and synthetic work in our group [10, 11, 12] . Their CD spectra (from 350 to 200 nm) were measured on a JOBIN YVON Model CD6 Spectrograph at room temperature, in ethanol as solvent, and are shown in Figs. 2a and 2b.
As already described in earlier papers [7, 8] , we perform the geometry optimization and the calculation of the CD spectra of isoancistrocladine (2a) and isohamatine (2b) using the semiempirical method AMI [13] included in the program package MOPAC 6.0 [14] . Starting from the structures containing bond lengths and bond angles taken from the literature [15] , we calculated the global energetic minimum structure by optimizing all internal coordinates, i.e. bond lengths, bond angles, and dihedral angles.
As the CD behaviour of a biaryl compound does not only depend on its formal absolute configuration, but also strongly on the conformation at the biaryl axis [16] , several structures with different biaryl dihedral angles have to be taken into account. These were generated by varying the biaryl dihedral angle 9-5-5'-9' of the energetic minimum structures (here for 2a and 2b) in steps of several degrees, then fixing this angle and again optimizing all other internal coordinates. By plotting the resulting heats of formation against the dihedral angle, the potential curve for each compound was obtained.
Then for each structure the corresponding single CD spectrum was calculated using the semiempirical method CNDO/S [ 17] as implemented in the program package DZDO/MCD3SP [18] ,
In the CI calculation we used 169 singly exited singulet configurations, resulting from the excitation of one electron from one of the thirteen highest occupied into one of the thirteen lowest unoccupied molecular orbitals. The rotational strengths were obtained using the origin-independent dipole-velocity formalism and were multiplied with gaussian functions with the following exponential halfbandwidths: 6.02 nm for the transition below 180 nm, 6.72 nm for transitions between 180 nm and 235 nm and 7.68 nm for transitions above 235 nm. Finally, the total spectrum of each compound was obtained by adding the single spectra after Boltzmann weighting them at a temperature of 298 K using the heats of formation of the corresponding structures.
Results
Measured CD Spectra
The experimental CD spectra of the two compounds isoancistrocladine (2a) and isohamatine (2b) are presented in Figs. 3a and 3b. The spectrum presented in Fig. 3a reveals a broad negative double peak in the area between 210 and 230 nm and smaller and less intensive peak at about 240 nm. Another positive peak appears in the shortwave part of the spectrum. The spectrum presented in Fig. 3b shows similar peaks, but with opposite signs. The double peak is less pronounced; and at 210 nm it offers only a shoulder. Figure 4 presents the potential curves obtained by optimizing the geometry of the different conformers for stepwise varied, but fixed biaryl dihedral angles and plotting the resulting heat of formation against the corresponding angle.
Optimization of the Geometry
As the atropisomeric compounds 2a and 2b are diastereomeric -not enantiomeric -to each other, the two curves do not behave like mirror images. Both potential curves have a minimum located at -82.3° for 2a and at 81.6° for 2b. In the neighborhood of this minimum both curves are very flat, indicating a high rotational flexibility for the near-orthogonal ring systems.
Calculated CD Spectra
Figures 5a and 5b present the entire spectra of isoancistrocladine (2a) and isohamatine (2b) respectively, as calculated according to the method described in Part 2.
It turns out that all major peaks of the calculated spectra are shifted by 10-20 nm to longer wavelengths as compared with the measured ones, which was also observed and discussed in previous work [7] [8] [9] . The calculated spectrum of isoancistrocladine (Fig. 5a ) agrees with the experimental one ( Fig. 3a) with regard to the sign of the major peak, and so do the two spectra of isohamatine, Figs. 3b and 5b. The negative double peak of the experimental spectrum of isoancistrocladine (2a) is only reproduced by a flat shoulder, and the positive double peak in the calculated spectrum of isohamatine has a shoulder apparently higher and on the opposite side as compared with the corresponding measured spectrum in Figure 3b . The allocation of the two experimental spectra of the two diastereomers however is unique. The comparison of the experimental and the quantumchemically calculated ones of the two alkaloids clearly establishes their absolute axial configurations. schungsbereich 347 'Selektive Reaktionen Metall-aktivierter Moleküle') and by the Fonds der Chemischen Industrie.
